. Methyl tert-butyl ether (MTBE), ethyl tert-butyl ether (ETBE), tertamyl methyl ether (TAME), diisopropyl ether (DIPE) and dibutyl ether (DBE) have been chosen as representative ethers and some of them have been used widely as commercial fuel
additives.
An appropriate gasoline blending requires finding a balance between the combustion performance and the volatility of the involved fuel mixtures. Key parameters in the formulation and storage of commercial gasoline are the distillation curve, which affects the evolution of fuel's combustion, together with the Reid's vapour pressure (RVP) which is widely used as a volatility indicator. Both the distillation curve and RVP depend directly on the vapour-liquid equilibrium (VLE) behaviour of fuel mixtures.
In this work, experimental isothermal P,x,y data are reported for the ternary systems dibutyl ether + cyclohexane + heptane and dibutyl ether + cyclohexane +1 -hexene and for the binary systems dibutyl ether + 1-hexene and dibutyl ether + heptane at 313.15 K. Results of the remaining binary systems involved, dibutyl ether + cyclohexane 6 , cyclohexane + heptane 7 and cyclohexane + 1-hexene 7 have been previously published.
Experimental Section
Materials. All the chemicals used were purchased from Fluka Chemie AG and were of the highest purity available, chromatography quality reagents (of the series puriss. p.a.) with a stated purity > 99.5 % (GC) for dibutyl ether, cyclohexane and heptane and > 98 % (GC) for 1-hexene. Only dibutyl ether was additionally distilled in a packed column. The first and last portions of the distillate were discarded and the intermediate fraction distilling at constant temperature was collected; the purity was improved up to 99.7 % (GC). All reagents were thoroughly degassed. The purity of the products after degassing was checked by gas chromatography, and the values were > 99.8 % (GC) for all the compounds. , and whose performance has been described detailed in previous papers 10, 11 .
The total uncertainties of the equilibrium properties directly measured are: injected volume ±0.03 mL, temperature ±0.01 K, total pressure ±5 Pa and liquid phase mole fraction ± 0.001.
Experimental values of total vapour pressure for the binary mixtures were obtained in two overlapping runs starting from opposite ends of the composition range. For the ternary mixture, data were obtained by addition of a pure species to a mixture of the other two at a fixed temperature. Six runs (dilution lines) were made starting from the corresponding binary system at mole fractions close to 0.3 or 0.7 and adding the third pure component up to a mole fraction of 0.5.
Experimental Results and Correlations
The use of the static VLE measurement allows a condition of true thermodynamic equilibrium to be established. As a consequence of Duhem's theorem, sampling of the phases is not necessary. Given a set of isothermal pressure and total composition data, thermodynamics allows calculation of the coexisting liquid and vapour phases. Thus, the equilibrium vapour does not need to be sampled for analysis and the data are thermodynamically consistent "per se" 12 
Here, G E is the excess molar Gibbs energy and the parameters C 0 , C 1 and C 2 were found by regression of the ternary data. The parameters g ij of the constituent binary systems were represented by the three parameters Margules equation
Binary and ternary systems have been correlated using Wilson 20 , NRTL 21 , and UNIQUAC 22 models. Results of data correlation for binary systems are summarized in Table 5 . For the ternary systems the results of the correlation are given in Tables 6 and 7 . We have made also the prediction of the fluid phase equilibrium behaviour of the ternary system using the correlation parameters of the binary systems included in Table 5 . These tables contain the root mean square of the differences between experimental and calculated pressures, rms P, and the maximum value of these pressures residuals, max P , both indicators of the quality of the agreement with data. Figure 1 shows a plot of (P-Pexp) versus x1 for the binary systems presented here, where the pressure was calculated by Margules equation. It can be seen that both branches, necessary to cover the entire composition range, exhibit good agreement close to equimolar concentrations. Furthermore, all deviations are less than 0.1 % of the total pressure.
Discussion
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